The ultimate aim of the project is creating of innovative synthetic drug with special mechanism of action and sufficient pharmacological and toxicological features. Some aspects of structure-activity relationships were determined and structure design directions were proposed. The series of active compounds with high anticancer activity and/or selectivity levels were selected.
In the starting stages of the project anti-inflammatory [19] [20] [21] , antimicrobial [22, 23] , anticonvulsant, choleretic [24] and antioxidant [25] activities were identified. In spite of the series of perspective results, progress of the project brings to some research directions changes, notably it has focused on the search of new anticancer agents. Taking into account global processes in the world science and the necessity of planning the tactics of narrowly defined groups development in competition environment of the biological active molecules market, screening research are carried out within the National Cancer Institute (NCI) of National Institute of Health (NIH) scientific programs (Developmental Therapeutic Program, Bethezda, USA, http:/dtp.nci.nih.gov) [26] [27] [28] [29] [30] . The ultimate aim of the project is creating of innovative synthetic drug with special mechanism of action and sufficient pharmacological and toxicological features.
Results and discussion. Synthetic research in the area of 4-thiazolidinones derivatives. Synthetic strategy consists in structure modification of azolidinone ring formed in different [2 + 3] -cyclocondensation reactions and modifying it in the positions 2, 3, 4 and 5. Six key types of the reactions were generally used (Knoevenagel reaction, [2 + 3] -cyclocondensation, Nalkylation, acylation, heterodiene synthesis, «domino» reactions) that allowed to obtain directed library with over 5000 new thiazolidinones and related heterocyclic systems ( Fig. 2) [1, 21, 23, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
While applying the research strategy through the past few years we succeeded in gaining a number of interesting synthetic results that make possible to extend the field of the chemistry of thiazolidinone and related heterocycles, especially in the scope of «drug-like» molecules design.
Anticancer activity evaluation of 4-thiazolidinones and related heterocyclic systems and efficient approaches to interpretation of «structure-activity» correlation. Obtained real library of heterocyclic compounds became an object for study concerning anticancer activity identifying according to the standard NCI procedure. On the first stage high-performance in vitro prescreening was held on 3 tumor cell lines (NCI-H460, MCF-7 and SF-268) in concentration 10 -4 М. Since 2005 the prescreening criteria became strict and the procedure of prescreening consists in testing of compounds activity on 60 tumor cell lines in concentration 10 -5 M. On the second stage of prescreening active compounds are tested in vitro at 10-fold dilutions of five concentrations (10 -4 -10 -8 M) on 60 tumor cell lines including lines of leukemia, non-small sell lung cancer, colon cancer, CNS cancer, melanoma, ovarian cancer, prostate cancer and breast cancer. In this assay three dose-response parameters are obtained: 1) growth inhibition of 50 % -GI 50 ; 2) total growth inhibition -TGI; 3) LC 50 . Whereas the GI 50 may be viewed as a growth-inhibitory level of effect, the TGI signifies a «total growth inhibition» or cytostatic level of effect. The LC 50 is the lethal concentration, «net cell killing» or cytotoxity parameter. If the tested parameters (pGI 50 , pTGI and pLC 50 ) specified in negative log10 units are less then < 4.00 these compounds are assigned as active. Now among 1076 tested compounds 402 (37.4 %) have successfully passed prescreening phase (Fig. 1) . After passing the second testing phase 14 compounds were submitted for consideration of NCI Biological Committee, among them 7 compounds are affirmed for the in-depth in vivo preclinical trials as potential anticancer agents. Tested compounds introduce all the sublibraries (Fig. 2) of obtained derivatives and according to the data of NCI specialists most of the highly active compounds don't belong to any class of known anticancer agents that is weighty argument for their indepth investigation.
When analyzing the in-depth in vitro research results [18] it is worth to mention that in the anticancer selectivity rating the most sensitive to 4-thiazolidinones and related heterocyclic systems was the line of leukemia. Level of selectivity on the cell lines of nonsmall sell lung cancer, CNS cancer and breast cancer are approximately the same. Series of cell lines, such as leukemia lines (CCRF-CEM, HL-60(TB), RPMI-8226, SR, K-562, MOLT-4), CNS cancer line (U251), non-small cell lung cancer line (HOP-92), renal cancer cell lines (UO-31, 786-O), colon cancer line (HCT-116) as well as breast cancer line (MDA-MB 231) have been found to be the most sensitive to testing compounds. The ranking is given in decreasing order of high antitumor effect frequency for tested compounds. Thus based on the obtained results the hypotheses of specific anti-leukemia activity of heterocycles containing «thiazolidinone matrix» may be put forward.
Obtained results allowed to form a number of structure-anticancer activity relations and outline the rational design directions. SAR analysis was carried out within each of the presented sub-libraries of azolidinone derivatives ( Fig. 3-5 ). Anticancer effect realization of 2-substituted 4-thiazolidinones (1, 2) (Fig. 3 ) depends on the nature of substituents in the positions С2 and N3, moreover relation between activity levels of the derivatives 2 and 3 wasn't established. Retrospective analysis of these compounds showed that anticancer activity increases while transition from cycloalkyl moiety to heteryl moiety in position C2 and the moieties of amino acid or aromatic amine are eligible in position N3. Instead of this compounds of row 1 with the 2-imino fragment are characterized by the higher activity, while presence of substituent in the position N3 is not always desirable (3). Imidazolidinone isosters (X = NH) of sub-libraries 1, 3 posses lower activity level than compounds based on thiazolidinone (X = S) [39] . Suggested and confirmed by us hypotheses about the crucial role of the presence and the nature of the substituent in the position C5 in anticancer effects realization [1, 36] is absolutely confirmed in the case of 2-substituted 4-thiazolidone derivatives 4. In this number of heterocycles the compounds with aryl(heteryl)idene fragments are characterized by the maximum level of anticancer activity.
One of the effective and frequently used directions of new biological active substances research in modern medical chemistry is the direction based on the pharmacophore hybrid approach usage [41] . This approach provides combination of different pharmacophore cycles with equal biological activity and affinity to different biotargets in one molecule. Such combination often allows to reach the potantiation of action (synergic effect). The results of our research work confirm this hypothesis and help us to identify high antitumor effect of heteryl substituted 2(4)-thiazolidinones.
Study of the «structure-anticancer activity» relationship makes possible to establish that antimitotic effect displaying depends on the nature of heterocyclic fragment. Moving from non-condensed bis-thiazolidinones 5 to 2-pyrazolin substituted 10 and 2-benzthiazolamine-4-thiazolidinones 6 is characterized by the increasing of activity [35, 38] . It is worth to mention that position of heterocyclic fragment relative to the basic (thiazolidinone) cycle has ambiguous influence on the activity appearance. In the row of non-condensed systems with thiazolidinone and benzthiazole fragments moderate activity intension is traced when changing the position of benzthiazole cycle from С2 (6) to N3 (7), while changing the position of pyrazoline cycle from С2 (10) to С4 (9) doesn't influence the antimitotic effect realization [37] . It is established that 4-pyrazoline substituted 2-thiazolidones 9 are more active than 4-arylamine-2-thiazolidinones 8, at the same time 2-arylamine-4-thiazolidinones isomers 3 possess higher or equal activity than 2-heteryl substituted derivatives 6, 10. In general, structure of the substituent in position C5 of thiazolidinone cycle is determinative for the anticancer activity realization for all the heteryl substituted thiazolidinones. That's why modification of mentioned position is the key concept of directed synthesis of novel anticancer agents in described class of compounds. When moving from thiazolidinone scaffold to condensed thiazolo[3,2-b][1,2,4]triazol-6-one system light activity increasing occurs [32] , though C5-substituent remains the determining factor.
The group of 4-thiazolidinone-3(5)-alkanecarboxylic acids is one of the most studied groups of thiazolidinone derivatives with the determined molecular mechanism of biological activity realization, including anticancer activity [42] . Comparison of anticancer activity of 4-thia(imida)zolidinone-5-carboxylic acids (12) and 4-thia(imida)zolidinone-3-carboxylic acids ( 13) indicates that the latter show higher antitumor activity level (Fig. 4) . In the series of presented derivatives there is no significant difference between the levels of antitumor activity of thiazolidinone (X = O) and rhodanine (X = S) derivatives. However, the substitution of a sulfur atom in thiazolidinone cycle for the atom of nitrogen (transition from 2,4-thiazolidinediones to 2,4-imidazolidinediones) in compounds 13 contributes to the intensification of anticancer activity and appearance of selectivity of 4-imidazolidinone-3-carboxylic acids effects. Thus for the hydantoin-3-acetic acids the significant effect on the leukemia lines was observed, though there was almost no influence on the other cancer cell lines [36] . This fact allows to consider 5-arylidene-2,4-imidazolidinedione-3-acetic acids amides as «hit-structures» for the anti-leukemia agents search. Simultaneous presence of substituents in the positions C5 and N3 of the basic heterocycle is desirable and is proved by the higher anticancer activity level of 4-thiazolidinone-3,5-alkanecarboxylic acids (14, 15) and 5-arylidene-4-thiazolidinone-3-alkanecarboxylic acids (16) [43] . Comparison of the activity of the compounds 14-16 points an advantage of ylidene moiety, namely the aryl(heteryl)idene fragment. Also, it is found that amides are more active than esters and free acids irrespective of the presented acids series they belong to. Antitumor activity evaluation of 5-ylidenerhodanine-3-succinic acids (17) proved presented relation and allowed us to make a suggestion that 3-(4-oxo-2-thioxothiazolidine-3-yl)-pyrrolidine-2,5-dione fragment is probable pharmacophore for this series of compounds [44] . The position C-5 of rhodanine cycle and nitrogen atom of pyrrolidine cycle are considered to be the main directions of its chemical modification. Utilization of thiazolidinone-alkanecarboxylic acids for the structure optimization of other scaffolds is effective approach in novel antitumor agents design; it is elucidated by the example of triterpenoid structure modification (18) and may be taken as the variant of hybrid pharmacophore approach.
Annealing of heterocyclic fragments as widespread method used for conformational flexibility limitation, is perspective and not sufficiently studied direction of biological active substances search. Possibility of fused thiazole heterocyclic systems 20 (Fig. 5) to imitate some biophore fragments of their synthetic precursors, namely 5-ylidene-4-thiazolidinones 19, allowed us to put forward the hypothesis about activity remaining in their condensed derivatives [31, 34] . Based on antitumor activity retrospective analysis we established that activity level, mainly, depends on the surroundings of thiopyrane fragment. Basing on the comparison of thiopyrano [2,3-d] thiazoles derivatives activity we can't determine precise structure-activity relationship. Though it should be noted that antitumor effect increases when moving from isothiochromeno[4a, 4- (28) . In all series of mentioned derivatives isorhodanine isosters (Х = О) are more active than thiorhodanine derivatives (X = S) and the main direction of highly active anticancer agents rational design is introduction of the substituent in position N3. Realization of this method presented by the example of chromeno[4',3':4,5]thiopyrano [2,3-d] thiazoles (22) [45, 46] allows achieving significant increasing of the level and/or selectivity of studied substances anticancer activity in comparison with N-unsubstituted analogues, moreover presence of N-arylacetamide fragments is desirable. The optimal molecular fragments that cause increasing of the activity level of thiopyrano[2,3-d]thiazole-2-ones and fragments are presented at the Fig. 5 .
The Fig. 6 presents «hit-compounds» from different groups that possess high antimitotic effect in vitro in submicromolar concentrations (10 -5 -10 -7 М) and are characterized by the low in vivo toxicity level.
In silico method of anticancer activity data analysis. The COMPARE analysis was performed for the active compounds in order to investigate the similarity of their cytotoxicity pattern (mean graph fingerprints) with those of known anticancer standard agents, NCI active synthetic compounds and natural extracts, which are present in public available databases. Such in silico analysis consists in the comparison of the patterns of [47, 48] and may indirectly indicates possible mechanism of cytotoxic action. If the data pattern correlates well with that of compounds belonging to a standard agent database (Pearson's correlation coefficient (PCC) >0.6), the compound of interest may have the same mechanism of action. On the other hand, if the activity pattern does not correlate with any standard agent, it is possible that the compound has a novel/another mechanism of action. Standard COMPARE analysis was performed at the GI 50 and TGI levels.
For synthesized heterocyclic substances was established correlation with the inhibitors of tubulin polymerization, RNA polymerase, p-glycoprotein or topoisomerase II, inductors of apoptosis, activators of caspases, that allow prediction of mentioned mechanism of anticancer action for 4-thiazolidinone derivatives and related heterocyclic systems. It is worth to mention interesting fact of significant values of correlation coefficients of thiazolidinone derivatives from different sub-libraries [35, 39] to the S-trityl-L-cysteine (NSC 83265, r = 0.702), aminoacyl-tRNA synthetases inhibitor with antiproliferative effect against leukemia [49] .
In silico methods, such as molecular docking and QSAR-analysis are widely used in our research work for rational design of potential anticancer agents. Currently for highly active substances from different groups is performed flexible molecular docking (using Glide and Fred programs) to «classical» for 4-thiazolidinones biotargets, such as PPARg (codes 1FM6 and 1NYX), protein complex Bcl-X L -BH3 (1BXL) and tubulin (1SA1). We chose tubulin because of high values of Pearson's correlation coefficient of synthesized compounds and classical tubulin polymerization inhibitors. QSAR-analysis of antitumor activity parameter lgGI 50 with the usage of docking scoring functions and molecular descriptors (M r , lgP, TPSA, HOMO and LUMO, m, q min, and q max ) allowed obtaining series of re- ratings to Bcl-X L -BH3 protein complex, PPARg, as well as to tubulin protein predominate. However, it should be noted that if there is docking function for Bcl-X L -BH3 protein complex in the model, its partial contribution in the PLS model is more essential, than if docking is performed to other biotargets. In consequence of performed studies in silico it can be assumed that the most probable mechanism of anticancer activity of 5-ylidene-4-thiazolidinone-3-succinic acids may be binding with the anti-apoptotic protein complex Bcl-X L -BH3.
Thus, based on the complex use of molecular docking, COMPARE analysis and QSAR analysis we put forward a hypothesis about probable 4-thiazolidinones and related heterocycles influence on the apoptotic bisystem. Currently we continue with complex studies using molecular biology methods to confirm our hypothesis.
Project outline. The ultimate aim of scientific project of the DH LNMU department of pharmaceutical, organic and bioorganic chemistry is creating of drug prototype with unique mechanism of action for the indepth preclinical and clinical trials. So, besides going on with synthetic and pharmacological studies such tasks are privileged for our group: optimization of «hit-compounds» biopharmaceutical characteristics; «hit-compounds» improvement using rational design methods; experimental confirmation and identification of biotargets to anticancer 4-thiazolidinones and related heterocyclic systems; usage of modern delivery systems (drug delivery system) for the drug candidates as actual approach in drug technology and biopharmacy.
Conclusions. Novel methods for sulfur-and nitrogen containing heterocycles synthesis are worked out that allow to obtain over 5000 of new substances for pharmacological screening, as well as broaden out the field of thiazolidinone and related heterocycles studying in the context of original «drug-like» molecules design.
Based on systematic combination of pharmacological screening methods and in silico data the anticancer activity is determined as privileged for thiazolidinones and related heterocyclic systems that allowed identification of «hit-compounds» series.
Some aspects of structure-activity relationships were determined and structure rational design directions were proposed. Among tested compounds 167 samples showed high antitumor activity level and their in-depth preclinical studies are in progress. 
